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Background: A study was undertaken of deaths with an underlying or associated cause of chronic
obstructive pulmonary disease (COPD), and trends in COPD mortality from 1979 to 2002 in France were
analysed.
Methods: Data were obtained from the Centre of Epidemiology on the Medical Causes of Death (CépiDc)
for individuals aged 45 years and over. Owing to implementation of ICD-10 in 2000 for recording causes
of death, two separate periods were analysed (1979–99 and 2000–2).
Results: In 2000–2, COPD was the underlying cause of 1.4% of deaths (deaths from COPD) and was
mentioned on the death certificate in 3.0% (deaths with COPD). The other main underlying causes in these
cases were cardiovascular diseases (32.0%) and cancers (24.5%). In 1979–99, age standardised rates of
death with COPD remained stable in men (20.01%/year) and increased in women (+1.7%/year). The
mean annual rates of death with COPD per 100 000 were 84 for men and 19 for women in 2000–2.
Conclusion: Multiple cause analysis improved the estimate of COPD related mortality. In 1979–99, COPD
related mortality rates in France were stable in men but increased in women. Implementation of ICD-10 in
2000 introduced substantial discontinuities in mortality trends.

C
hronic obstructive pulmonary disease (COPD) is a
leading cause of morbidity and mortality. It was ranked
as the sixth leading cause of death worldwide in 1990

and the fourth in the USA in 2002.1 Morbidity and mortality
from COPD increased in most countries, including the USA,
the UK, and Canada through the beginning of the 1990s.2–4

Over the past decade the mortality rates have remained stable
among men but continued to rise among women. Analysis of
COPD mortality trends in France from 1969 to the end of
1983 showed increases for both sexes, with a more gradual
increase in women than in those in North America.5 Tobacco
use is the main risk factor for COPD. Other risk factors
include occupational exposure, genetic factors, air pollution,
and passive tobacco exposure. COPD is a slow progressive
disease, and the damage triggered by tobacco persists for
many years after cessation. Thus, decreases in smoking rates
will affect mortality trends only several decades later.6 Using
only the underlying cause of death for chronic diseases such
as COPD dramatically underestimates the overall disease
burden. A multiple cause analysis that estimates disease
related mortality by taking into account all the conditions
listed on the death certificate is particularly warranted in
these cases.7–10

This study of French mortality rates from 1979 to the end
of 2002 aimed to:

N describe the characteristics of deaths for which COPD was
mentioned on the death certificate as either the underlying
cause or anywhere on the death certificate (multiple cause
analysis);

N characterise the association at death between COPD and
other specific diseases; and

N analyse trends in COPD related mortality.

METHODS
Mortality data were obtained from the Centre of
Epidemiology for Medical Causes of Death (CépiDc-
INSERM). Medical death certificates contain two sections

in which physicians enter the medical conditions of the
deceased. Part I asks for the underlying cause of death (that
is, the disease that initiated the chain of events resulting in
death) and the sequence leading directly to death (inter-
mediate and direct causes). Part II allows the physician to list
other conditions that contributed to the death but were not
part of the direct causal sequence. Coding rules of the
International Classification of Diseases (ICD) ultimately
select the underlying cause of death. Associated causes of
death are all other significant conditions that contributed to
it. Until 1999, CépiDc used ICD-9 to code causes of death for
entry in the national death statistics database, and recorded
for each death a maximum of two associated causes (in
addition to the immediate and underlying causes of death).
Since 2000, when ICD-10 was implemented and manual
coding was replaced by an automated coding system, all
causes reported by physicians have been recorded.

The analyses here concern deaths from 1979 to the end of
2002 of adults who were living and died in France (excluding
French overseas territories). Because deaths involving COPD
are unlikely before the age of 45 years, the analysis focused
on the population aged 45 years and older.

Descriptive analyses were conducted for cases with COPD
recorded as the underlying cause (death from COPD) or
mentioned anywhere on the certificate (death with COPD).
The codes for COPD in ICD-9 are: 490 (unspecified
bronchitis), 491 (chronic bronchitis), 492 (emphysema),
and 496 (chronic obstruction not elsewhere classified). The
ICD-10 codes are: J40 (unspecified bronchitis), J41–42
(chronic bronchitis), J43 (emphysema), and J44 (other
obstructive pulmonary disease). The relation between the
ICD-9 and ICD-10 codes is not quite that simple, however,
because ICD-9 treated chronic respiratory failure (CRF) as an
imprecise cause of death (coded 496) while, in ICD-10, this
diagnosis has been moved to the respiratory chapter (J961).
To compare ICD-9 and ICD-10 data more accurately, we also

Abbreviations: COPD, chronic obstructive pulmonary disease; CRF,
chronic respiratory failure; EAPC, estimated annual percentage change

930

www.thoraxjnl.com



analysed the 2000–2 data by combining COPD (as defined
above) and CRF deaths. The contribution of multiple cause
analysis was assessed by calculating a ‘‘multiple to under-
lying ratio’’, defined as the number of deaths with COPD (or
COPD+CRF) divided by the number of deaths from COPD (or
COPD+CRF).10

Owing to the substantial changes in mortality recording
that occurred in 2000, the analysis of time trends in COPD
mortality was restricted to the 1979–9 data. Population
figures provided by the French National Institute for
Statistics and Economic Studies (INSEE) were used to
calculate the crude and 5 year age specific mortality rates
for each calendar year. Age standardised rates (direct
method) were calculated by applying the age specific rates
to the 1976 European population of adults aged 45 years or
older. Estimated annual percentage changes (EAPC) were
used to summarise trends by fitting linear regression models
to the logarithms of the death rates with time as the
independent variable, on the assumption that the change in
mortality rates over time was constant.

RESULTS
In 2000–2, COPD was mentioned as the underlying cause of
death for a mean number of 7167 deaths per year of persons
aged 45 years or older in France, and anywhere on the death
certificate for 14 995 deaths (1.4% and 3.0%, respectively, of
all deaths; table 1). The male/female ratio was 2.1 and the
mean age was 80.1 years. The multiple to underlying ratio
was 2.1. It was higher for men than women (2.2 v 1.9) and
decreased with increasing age (from 2.3 for those aged 50–
54 years to 1.7 for those aged 95 years or more). When COPD
and CRF were combined, the mean number of annual deaths

rose to 9516 for underlying causes (1.9% of all deaths) and
23 437 for all listed causes (4.7% of all deaths).

For the same period, we also compared the underlying
causes of deaths with COPD as an associated cause and those
of deaths without any mention of COPD (table 2). Ischaemic
heart disease and lung cancer, both also smoking related
diseases, were more likely (1.5 and 2.1 times, respectively) to
be the underlying cause of death when COPD was mentioned
than when it was not. Asthma was listed as the underlying
cause on a mean of 124 (1.6%) death certificates annually
that mentioned COPD as an associated cause, and as a
contributing cause on 183 (2.7%) death certificates listing
COPD as the underlying cause. Over the same period, a mean
of 1216 deaths were attributed to asthma each year with no
mention of COPD. Tobacco use disorder (ICD-10 F17) was
listed on 13.5% of the death certificates with COPD (15.8%
for men and 8.1% for women).

The multiple to underlying ratio for deaths with CRF but
without any mention of COPD was 3.6. Cardiovascular
diseases (27.3%) and cancer (14.6%) were the main under-
lying causes of death when CRF but not COPD was
mentioned. Asthma was the underlying disease more often
with CRF (2.2%) as an associated cause than with COPD
(1.6%), or with neither CRF nor COPD (0.3%). The
frequencies of lung cancer and ischaemic heart disease as
the underlying disease when CRF was an associated cause
were similar to those observed in deaths with neither COPD
nor CRF (5.1% v 4.9% for lung cancer, and 8.6% v 8.8% for
ischaemic heart disease, p.0.05 for both).

The mean annual number of deaths from COPD fell
dramatically from 1998–9 through 2000–2 (table 3). The
largest decreases involved deaths from unspecified or chronic
bronchitis (284% and 263%, respectively). Deaths from
chronic obstruction not elsewhere classified (ICD-9 496) fell
by 41% if compared with the equivalent code under ICD-10
(other obstructive pulmonary disease, J44) but only 13% if
compared with other obstructive pulmonary disease or CRF
(J44 + J961). Similar results were found for deaths with
COPD (data not shown).

From 1979 to the end of 1999 the crude annual mortality
rates from COPD increased among men (+12%) and women
(+76%). Similar trends were observed for deaths with COPD
(+21% among men and +78% among women). For the 2000–
2 period the mean crude annual mortality rate from COPD
was 45.0/100 000 among men and 18.1/100 000 among
women, while that with COPD was 97.7/100 000 for men
and 34.9/100 000 for women.

From 1979 to the end of 1999 the annual age standardised
rates of death from COPD decreased slightly among men
(EAPC 20.7, p,0.001) but increased steadily among women

Table 1 Characteristics of deaths with COPD or with
COPD or CRF in adults aged 45 years or over in France,
2000–2

Underlying
cause Any mention

COPD
Mean annual number of deaths 7167 14995
Mean (SD) age 80.1 (10.4) 79.2 (10.5)
Male/female ratio 2.1 2.3

COPD or CRF
Mean annual number of deaths 9516 23437
Mean (SD) age 79.9 (10.2) 78.8 (10.3)
Male/female ratio 1.9 2.0

COPD, chronic obstructive pulmonary disease; CRF, chronic respiratory
failure; SD, standard deviation.

Table 2 Mean annual number of deaths according to underlying cause among deaths
with COPD as an associated cause and among deaths without any mention of COPD in
adults aged 45 years or more, France, 2000–2002

Underlying disease�

COPD as associated
cause
(N = 7828)

Deaths without COPD
(N = 484560)

Adjusted RR*
(95% CI)

Cardiovascular diseases 2506 (32.0%) 104768(21.6%) 1.49 (1.46 to 1.52)
Ischaemic heart disease 1064 (13.6%) 42470 (8.8%) 1.54 (1.49 to 1.59)

Cancer 1914 (24.5%) 137342 (28.3%) 0.86 (0.84 to 0.88)
Lung cancer 776 (9.9%) 23558 (4.9%) 2.09 (2.01 to 2.17)

Cerebrovascular diseases 428 (5.5%) 36508 (7.5%) 0.72 (0.69 to 0.76)
Lower respiratory infections 180 (2.3%) 14865 (3.1%) 0.78 (0.20 to 0.85)
Asthma 124 (1.6%) 1216 (0.3%) 6.40 (5.75 to 7.11)
Other 2674 (33.1%) 189861 (39.2%)

*Relative risk of having a given disease as the underlying cause of death, adjusted for age.
�Cardiovascular diseases: ICD-10 I00-I15 & I20-I52; ischaemic heart disease: ICD-10 I20-I25; cancer: ICD-10
C00-C32 & C33-C97; lung cancer: ICD-10 C33-C34; cerebrovascular diseases: ICD-10 I60-I69; low respiratory
infections (bronchopneumonia, influenza, acute bronchitis): ICD-10 J10-J18 & J20-J22; asthma: ICD-10 J45-46.
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(EAPC +1.4, p,0.001; table 4, fig 1). They fell significantly
among men in all age groups, except those aged 85 years or
more. The rates for women fell significantly in the youngest
group (45–54 years) and rose significantly among those aged
65 years or more.

When all deaths with COPD were taken into account there
was a trend towards an increase—that is, either reduced
decreases or pronounced increases (fig 2). The overall EAPC
for deaths with COPD was 20.01 (p.0.05) among men and
+1.7 (p,0.001) among women. Regardless of the definition
used (COPD v COPD or CRF; underlying cause v any
mention), the age standardised rates for the period 2000–2
were lower than those observed in previous years (figs 1 and
2). The mean annual rates per 100 000 of death from COPD
were 38.9 in men and 9.7 in women, while those of death
with COPD were 84.3 in men and 19.1 in women.

DISCUSSION
COPD was mentioned on death certificates in 3% of all deaths
in France of adults aged 45 years or older during the period
2000–2. It was the underlying cause of 48% of deaths for
which COPD was mentioned anywhere on the certificate.
Since 2000, all causes of death listed on death certificates
have been recorded, and the multiple to underlying ratio (1.7
in 1999) increased to 2.1 in 2000–2. The latter ratio is close to
that reported in the USA (2.3) but higher than that reported
in England (1.7),9 11 perhaps due to differences in recording
of co-morbidities. The multiple to underlying ratio was higher
for men than for women, as elsewhere,11 12 and it decreased
with increasing age because fewer co-morbid conditions were
recorded for the elderly.

Incontrovertibly, considering only the underlying cause of
death underestimates the global burden of chronic disease.9

Even after taking into account all deaths with COPD, the

assessment of its contribution to mortality—while much
more comprehensive—remains underestimated. COPD is
widely undiagnosed even during its severe stages.13–15 A study
conducted in the USA found that nearly half the individuals
with forced expiratory volume in 1 second ,50% had not
been diagnosed with COPD.16 Moreover, even diagnosed
COPD is underreported on death certificates (both as the
underlying and contributing causes).17 18

Multiple cause analysis makes it possible to describe the
associations between COPD and other specific diseases at
death. Cardiovascular diseases and cancer were, with COPD
itself, the main underlying causes of death on death
certificates mentioning COPD. The risk of dying from
cardiovascular disease or lung cancer was significantly higher
when COPD was mentioned as a contributing diagnosis than
when it was not. This is to be expected: not only do these
diseases share a risk factor (tobacco exposure), but COPD is a
risk factor for lung cancer and cardiovascular mortality.19

Tobacco use, listed on 13.5% of death certificates with COPD
in 2000–2, was obviously underreported. Nonetheless,
recording of smoking has increased dramatically in France
in recent years (from 1.1% in 1979 to 6.2% in 1999) and
reflects, as described earlier for the USA,9 better awareness of
the dangers of tobacco.

From 1979 to the end of 1999, the age standardised rates of
death with COPD levelled off among men (20.01% per year)
in France but increased among women (+1.7% per year). The
sex difference in time trends is consistent with smoking
behaviour and with other international data. Goldacre et al7

analysed COPD mortality in an English population from 1979
to 1998 and found that the trends in age standardised rates
were similar for women (+1.7% per year for death with COPD
with the increase greatest for those older than 65 years)
while the rates for men fell by 22.5% per year. The mortality

Table 3 Mean annual number of deaths from COPD or CRF by ICD codes in adults aged
45 years or more in France, 1998–9 and 2000–2

1998–1999 (N = 15350) 2000–2002 (N = 9516)

ICD-9 n (%) ICD-10 n (%)

490: unspecified bronchitis 3743 (24.4) J40: unspecified bronchitis 592 (6.2)
491: chronic bronchitis 2516 (16.4) J41-J42: chronic bronchitis 942 (9.9)
492: emphysema 737 (4.8) J43: emphysema 690 (7.3)
496: chronic obstruction not
elsewhere classified

8354 (54.4) J44: other obstructive pulmonary
disease

4943 (51.9)

J961: chronic respiratory failure 2349 (24.8)

Table 4 Mean annual age standardised rates* of mortality from COPD by age group and sex in adults aged 45 years or more
in France, 1979–99

Age group (years) 1979–81 1984–86 1989–91 1994–96 1998–99 EAPC

Men
45–54 8.1 6.0 4.8 4.4 4.9 23.2�
55–64 27.2 29.7 24.1 22.4 20.6 21.7�
65–74 98.7 100.8 86.3 86.6 88.6 20.9�
75–84 329.8 340.4 300.5 287.1 290.7 20.9�
85+ 830.3 937.8 868.3 847.9 914.6 +0.2`
Overall 81.6 85.6 75.6 74.0 75.4 20.7�

Women
45–54 1.6 1.8 1.4 1.1 1.4 21.91

55–64 5.3 5.5 5.4 4.9 5.2 20.5`
65–74 19.3 21.2 19.9 21.1 23.6 +0.81

75–84 75.4 81.3 83.6 86.4 93.4 +1.1�
85+ 277.1 309.6 348.5 366.0 407.3 +2.3�
Overall 20.1 22.0 22.8 24.6 25.9 +1.4�

EAPC, estimated annual percentage change.
*Rates (per 100 000) standardised to the 1976 European population.
�p,0.001; `p,0.05; 1p,0.01.
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rates in the USA increased in women from 1979 to 2000 but
remained stable in men from 1984 onwards.3 9 Canadian
studies report similar trends, including stabilisation among
men and doubling among women.4 As shown previously in
England and Wales,20 the differences in time trends according
to age that we observed suggest a birth cohort effect, which
probably reflects lifelong differences in smoking behaviour
and environmental exposure.

Several important changes in the recording of causes of
death took place in 2000 in France. ICD-10, with twice as
many codes as in ICD-9 and important changes in coding
rules, represents the greatest change in the ICD in over
50 years. Bridge coding between ICD-9 and ICD-10 showed
that the latter’s impact differed in France and elsewhere,
according to the cause of death (marked for respiratory and
infectious diseases but low for neoplasms or circulatory
system diseases).21 22 An automated coding system that
makes it possible to record all causes mentioned on the
death certificate was implemented at the same time as ICD-
10. The automated coding system is based on the algorithm
included in the US Mortality Medical Data System and
results from an extensive international collaboration
intended to improve the reliability, homogeneity, and
comparability of the process of coding mortality data. These
modifications inevitably produce apparent discontinuities in
mortality trends, and it is difficult to disentangle the separate
impact of each modification. We note, however, that the
dramatic shift seen in France is in part due to the
improvement in the process of coding mortality data to meet
international standards. There were fewer deaths from COPD
in 2000–2 than in 1998–9, even taking into account deaths
from CRF. This impact was also observed on mortality with
COPD; because of the increased number of associated causes
recorded in the database (72% of death certificates with
COPD listed had more than two associated causes in 2002–2),
the rate of mortality with COPD or CRF in 2000–2 should
have been higher than that with COPD in 1998–9. We found
fewer deaths with unspecified or chronic bronchitis in 2000–2
than in 1998–9. Some of them are now being coded as acute
bronchitis (J20) or as other obstructive pulmonary disease
(J44). Changes in listings for CRF are also complex. ICD-9
code 496 probably included deaths with CRF not due to
COPD. However, under ICD-10 and with all causes of death
recorded, it is less likely that an individual who dies from
COPD will be coded as CRF without COPD. Because
deaths with CRF but without COPD have rather different
characteristics than deaths from COPD, inclusion of CRF

deaths in the analysis of future COPD mortality trends
appears unjustified.

Mortality rates from COPD remain lower in France than in
North America or northern Europe. In 1999 the age specific
mortality rates per 100 000 from COPD for adults aged 65–
74 years were 175 in the USA,3 204 for men and 132 for
women in the UK,23 and 87 for men and 23 for women in
France. Some authors analyse obstructive lung disease as a
whole, including asthma.3 9 These conditions are often
difficult to distinguish among the elderly, and misdiagnosis
appears to be related to sex and smoking habits. Some deaths
attributed to asthma may be undiagnosed COPD, especially
among women and non-smokers. On the other hand, some
deaths with COPD recorded may also be undiagnosed asthma
or asthma with fixed airflow limitation.24 We did not include
asthma in the COPD deaths we studied. When they were
included, however, the mortality trends were unchanged
(data not shown), and the age standardised rates remained
lower in France (41.5/100 000 for men and 13.2/100 000 for
women as the underlying cause in 2002) than in the USA or
UK.

These large between-country differences have been
described previously.2 5 25 26 They obviously reflect differences
in tobacco exposure. In France, tobacco sales pattern since
1860 (first data available) show an increase until 1975
(mainly from 1945) and a decrease from 1991.2 20 27 The
smoking epidemic was weaker and occurred later than in the
USA or UK: the mean daily number of cigarettes sold per
adult inhabitant peaked at 11 in the USA in the 1960s, nine
in the UK in the early 1970s, and six in France in 1975. Other
risk factors, including environmental or occupational expo-
sures and socioeconomic factors, have also been advanced to
explain the higher mortality rates found in the UK until the
1990s.2

While a recent study estimates the prevalence of chronic
bronchitis at 4.1% among adults aged 25 years or more,13 data
on the prevalence of COPD in France remain sparse. The
European Community Respiratory Health Survey (ECRHS),
conducted among young adults aged 20–44 years, found
large differences from one country to another in the
prevalence of COPD which may be related to smoking
patterns but also to environmental or genetic factors.28 29

The prevalence of COPD in France was among the lowest
(1.5% compared with 3.3% in the UK and 4.8% in the USA).

The other explanation may be greater underdiagnosis of
COPD in France. In the USA and UK, COPD and emphysema
(ICD-9 496 and 492) accounted for 90% of the death

Figure 1 Annual age standardised (to the 1976 European population)
rates of death from COPD in adults aged 45 years or more in France,
1979–99 (ICD-9) and 2002–2 (ICD-10). COPD, chronic obstructive
pulmonary disease; CRF, chronic respiratory failure.

Figure 2 Annual age standardised (to the 1976 Europen population)
rates of death with COPD in adults aged 45 years or more in France,
1979–99 (ICD-9, (2 associated causes recorded) and 2000–2 (ICD-
10, all associated causes recorded). COPD, chronic obstructive
pulmonary disease; CRF, chronic respiratory failure.
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certificate mentions of obstructive lung disease compared
with 60% in France. Terms used in clinical practice
undoubtedly differ between countries, but the widespread
use of the term bronchitis rather than COPD by French
physicians probably also reflects underdiagnosis of COPD.

In conclusion, multiple cause of death analysis improved
the estimation of the contribution of COPD to mortality.
From 1979 to the end of 1999, COPD related mortality rates
were stable in men and increased in women in France,
consistent with smoking patterns. Given the long latency
period between the start of smoking and the onset of COPD
(and the still longer time to death), it can be assumed that
deaths with COPD will continue to increase, particularly
among women. Implementation of ICD-10 in 2000, together
with the use of an automated coding system, has led to
important discontinuities in mortality trends but should
improve comparability of mortality data between countries.
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